Abstract. In this article we present the L2-section, a tool used to represent a hypergraph in terms of an "advanced graph" and results leading to first algorithm, in O(nm), for a bounded-rank, bounded-degree hypergraph H, which factorizes H in prime factors. The paper puts a premium on the characterization of the prime factors of a hypergraph, by exploiting isomorphisms between the layers in the 2-section, as returned by a standard graph factorization algorithm, such as the one designed by Imrich and Peterin.
Introduction
Cartesian products of graphs have been studied since the 1960s by Vizing and Sabidussi. They independently showed ([Sab60] ), that for every finite connected graph there is a unique (up to isomorphism) prime decomposition of the graph into factors. This fundamental theorem was the starting point for research concerning the relations between a Cartesian product and its factors [IPv97, Bre06] . Some of the questions raised are still open, as in the case of the Vizing's conjecture 1 . These relations are of particular interest as they allow us to break down problems by transfering algorithmic complexity from the product to the factors.
Some examples of problems that can be made easier by studying factors rather than the whole product include: classical problems, like the determination of the chromatic number, as the chromatic number of a Cartesian product is the maximum of the chromatic number of each factor; or the detemination of the independence number (see [IKR08] ). More original numbers or properties are also investigated, especially in coloring theory: the antimagicness of a graph [ZS09] or the game chromatic number [Pet07], to quote a few. These numbers, easily computable thanks to Cartesian product operations, are graphical invariants. Graph products offer an interesting framework as soon as these graphical invariants are involved. This is the reason why they are studied with various applications; most of networks used in the context of parallel and distributed computation are Cartesian products: the hypercube, grid graphs, etc. In this context, the problem of finding a "Cartesian" embedding of an interconnection network into another is of fundamental importance and thus has gained considerable attention. Cartesian products are also used in telecommunications [Ves02] .
In 2006, Imrich and Peterin [IP07] gave an algorithm able to compute the prime factorization of connected graphs in linear time and space, making the use of Cartesian product decomposition particularly attractive.
Hypergraph theory has been introduced in the 1960s as a generalization of graph theory. A lot of applications of hypergraphs have been developed since (for a survey see [Bre04] ). Cartesian products of hypergraphs can be defined in a same way as graphs, and similarly it is easier to study the hypergraph factors than the product. They also support graphical invariants (see [Bre06] ), as it is the case for the linearity, conformity, transversal and matching number, Helly property, and it is generally possible to extend graphical invariants discovered on graphs to them.
Summuary of the Results
In this paper we present an algorithm which gives the prime decomposition of a Cartesian product of hypergraphs. It is the first algorithm of recognition of Cartesian products of hypergraphs, up to our knowledge. This one is based on the algorithm of Imrich and Peterin [IP07] but it is easily adaptable to any algorithm which factorizes Cartesian products of graphs. Hypergraphs store more informations than graphs can (for fixed parameters); we explicit how a hypergraph can be seen as an "advanced" graph by introducing the L2-section tool. Some mathematical properties of the L2-section of a hypergraph help us then to design a recognition algorithm. By making an arrangement (called R * -Cartesian joins) on the factors returned by the recognition algorithm working on the 2-section, it finally releases the prime factors of a given hypergraph in O(mn) time, when the rank and the degree of the hypergraph are constant.
Preliminaries
The cardinality of a set A is denoted by |A|. The set P 2 (A) is the set of pairs {x, y} such that x, y ∈ A and x = y. A hypergraph H on a set of vertices V is a pair (V, E) where E is a set of non-empty subsets of V called hyperedges such that e∈E e = V . The set V may be written V(H). This implies in particular that every vertex is included in at least one hyperedge. If e∈E e = V , H is called a pseudo-hypergraph. A hypergraph is simple if no hyperedge is contained in another one.
In the sequel, we suppose that hypergraphs are simple and that no hyperedge is a loop, that is, the cardinality of a hyperedge is at least 2. Moreover we suppose that they are connected, a hypergraph being connected if there is a path between any pair of hyperedges. The number of hyperedges of a hypergraph H is denoted by m(H) or simply m when unambiguous. It is convenient to define a simple graph as a particular case of simple hypergraph where every hyperedge is of size
